In an 8-year period, 1991-1998, 217 accessions of caprine abortions were submitted to the California Veterinary Diagnostic Laboratory System. Of these 217 submissions, 211 were suitable for examination in this study (6 had insufficient data). Infectious agents as the cause of abortions were found in 37% of the cases: bacterial agents were identified in 30.5%, viral agents in 2%, fungal agents in 0.5%, and protozoal agents in 4% of the cases submitted. The most common causes of abortions were Chlamydia psittaci and Coxiella burnetii infection, which accounted for 23% of all goat abortions. Mineral deficiencies were observed in 4%, fetal anomalies accounted for 3%, and leukoencephalomalacia of the brain (probable oxygen deprivation) accounted for 3% of the submissions. No diagnosis was made in 112 of the 211 submissions (53%). No lesions were noted in 104 of the submissions (49%). The other 8 submissions (4%) had histologic lesions suggestive of a bacterial agent; however, no infectious agents were identified in these cases.
In an 8-year period, 1991-1998, 217 accessions of caprine abortions were submitted to the California Veterinary Diagnostic Laboratory System. Of these 217 submissions, 211 were suitable for examination in this study (6 had insufficient data). The etiologic agents responsible for abortions were determined, and lesions associated with the various agents that caused these abortions are described here.
The 217 abortion submissions were from animals living in California. Most submissions were from the Central Valley and Sacramento Valley regions of California. Submissions involved 1 or more aborted or stillborn goats. In most cases, only 1 agent was identified as the causative agent of the abortion. In cases where Ͼ1 agent was identified, each agent was identified as the cause of the abortion.
Most submissions consisted of the entire fetus and placenta. Samples collected for histopathology were brain, heart, lung, kidney, liver, adrenal gland, thymus, skeletal muscle, rumen, abomasum, and placenta. Portions of the brain, lungs, kidney, liver, and placenta were saved for further testing if needed. When available, body fluid was saved for testing against Toxoplasma gondii antibody by the latex agglutination test.
Aerobic bacterial and Campylobacter cultures were performed on fetal lung, abomasal fluid, and placenta (when available). Samples were cultured aerobically in 7% CO 2 on blood agar, MacConkey agar, and Chocolate blood agar plates and microaerophilically using the Campy FDA plates. Fetal tissues were evaluated for Brucella using Brucella agar with and without ethyl violet or with sheep blood agar for 10 days in 5-10% CO 2 . Bacterial isolates were identified using standard bacterial procedures. Impression smears of the kidney were examined by fluorescent antibody techniques for Leptospira-like organisms. Impression smears of cotyledons were examined by fluorescent antibody techniques for Chlamydia. In suspected Coxiella burnetii cases, the placenta was examined by immunohistochemical techniques for Coxiella organisms. The causes of abortions in goats from California are noted in Table 1 . No diagnosis was made in 112 of the 211 submissions (53%). No lesions were noted in 104 of the submissions. Eight submissions had histologic lesions suggestive of a bacterial agent (necrotizing and suppurative placentitis, suppurative bronchopneumonia, necrotizing hepatitis, and necrotizing splenitis); however, no infectious agents were identified with bacterial cultures. Infectious agents accounted for 37% of the abortion cases: bacterial agents accounted for 30.5%, viral agents for 2%, fungal agents for 0.5%, and protozoal agents for 4% of the abortions submitted. Mineral deficiencies (copper and selenium) were observed in 4%, fetal anomalies were observed in 3%, leukoencephalomalacia of the cerebrum and thalamic regions of the brain accounted for 3% of the submissions.
The success in obtaining a definitive diagnosis in aborted goat fetuses was about 47% (51% if submissions of probable bacterial orgin are included). This success rate is fairly consistent with the success obtained in diagnosis of sheep abortions (44%) from South Dakota. 30 The success rate for finding an etiologic agent in a Norwegian study on abortions and reproductive failure in goats was only 2.7%. 46 Bacterial agents followed by protozoal, viral, and fungal agents were the most common causes of abortion in goats. Fungal abortions are very rare. Nutritional deficiencies of selenium and copper accounted for 4% of the abortions, and anomalies accounted for 3% of the cases.
The placenta was submitted with 131 of the 212 cases (62%). For 60 (53%) of the fetuses without a diagnosis, the placenta was not submitted with the fetus. In cases where a diagnosis was established, 22 (20%) of the fetuses had no placental tissue submitted. When reviewing cases where a bacterial disease was identified as a cause of the abortion, 55 (85%) of the cases had placental tissues submitted. Thus, the submission of placental tissues, particularly in regard to bacterial diseases, did improve the overall chance for a diagnosis.
The most common cause of abortion was Chlamydia psittaci (30 of 211 submissions). Most chlamydial abortions occurred in the third trimester (86%), with the remaining occurring in the second trimester (14%). In the affected fetuses, gross lesions were rarely observed except for some showing slightly enlarged livers or rare white spots in the liver. Histologically, fetal lesions were evident in 90% of the cases. The most common histologic lesions were necrotizing hepatitis (50%), necrotizing splenitis (23%), and necrotizing encephalitis (23%). A necrotizing and histiocytic bronchopneumonia was identified in 20% of the chlamydial cases. In cases where the placenta was submitted (21 of 30 cases), a common histologic lesion was a necrotizing placentitis with necrosis of the cotyledons and a necrotizing vasculitis of placental vessels. Other lesions identified in affected fetuses were lymphocytic myocarditis and myositis (10% of the chlamydial cases) and necrotizing adrenalitis of the adrenal cortex (7% of the chlamydial cases). A lymphohistiocytic interstitial pneumonia was identified in 7% of the chlamydial cases ( Table 2 ). Fluorescent antibody techniques and/ or immunohistochemical procedures on the placenta and/or liver were positive for the chlamydial organisms in these tissues. Staining of the placenta sections with a Giemsa or Gimenez stains often identified organisms in the chorionic trophoblastic epithelium but was not confirmatory. Placental and fetal lesions in this study are consistent with the lesions identified in goat fetuses with Chlamydia psittaci infections. 6, 23, 26, 39, 43 Aborting females can present with severe illness compounded by a high mortality, arthritis, and/or keratoconjunctivitis. 25 The clinical histories failed to identify any significant illness in the aborting females.
Coxiella burnetii abortions were identified in 19 of 211 submissions (9%). Most abortions occurred in the third trimester or in term fetuses (80%), with the remainder occurring in the second trimester (20%). Little information was available on previous pregnancies of the affected does. A diagnosis of C. burnetii was obtained by evaluation of the placenta. Placental lesions were characterized by a necrotizing placentitis with nonsuppurative inflammation and an associated vasculitis of placental vessels. Many of the chorionic trophoblastic epithelial cells were filled with numerous small coccobacillary organisms, which were readily identifiable with Giemenez or Wolbach's Giemsa stains or by immunohistochemical procedures. Fetal tissues rarely had lesions. However, some fetuses (10%) developed a lymphocytic portal hepatitis, histiocytic bronchopneumonia, and/or lymphocytic interstitial nephritis. The fetal and placental lesions seen in this group of animals were consistent with the lesions reported previously. 36, 42, 47 In most cases of C. burnetii-associated abortions, only the placenta is involved, with no fetal lesions noted (14 of the 19 cases) ( Table 3) . However, some fetuses may develop lesions consistent with the lesions noted in this study. 36, 42, 47 In 1 study, fetuses developed a multifocal granulomatous hepatitis. 36 This lesion was not found in the present study.
Because infection of the placenta is the primary means of diagnosing C. burnetii infections in the fetus, a large number of fetuses that were presented with no diagnosis may have been infected with C. burnetii but were not identified as such because the placenta was not available for examination. In 60 of the 112 cases in which no diagnosis was rendered, no placental tissue was submitted. Some of these abortions also may have been due to infections with C. burnetii.
Escherichia coli was identified in 5 of 211 abortions, all of which occurred in the third trimester. Diagnosis was obtained by finding the organism in pure culture in the lung and abomasum. Fetal lesions consisted of a neutrophilic and histiocytic bronchopneumonia in 4 or 5 cases. In 1 case there were no fetal lesions, but pure cultures of E. coli were identified in the lung and abomasum. One aborted fetus had severe peritonitis and epicarditis. Abortions caused by E. coli are usually isolated and are due to hematogenous placental infections or retrograde infections from an open cervix. 51 Campylobacter jejuni ssp. jejuni was isolated from 2 of 211 submissions. Both Campylobacter abortions occurred in the third trimester. The placental lesions consisted of a necrotizing and neutrophilic placentitis involving primarily the cotyledonary villi. In the cotyledonary villi, many necrotic and viable trophoblastic epithelial cells usually contained numerous small gram-negative bacilli. The infected fetuses developed a suppurative bronchopneumonia and a multifocal random necrotizing hepatitis. One of the 2 animals also had elevated antibody titers to Toxoplasma gondii. No lesions consistent with T. gondii were identified in the fetus. Incidence of Campylobacter abortions in California goats was much lower than that reported in sheep from South Dakota (10.3%) and in sheep from California (32%) (1996) (1997) (1998) Annual Report for the California Veterinary Diagnostic Laboratory System, University of California-Davis). 30 Campylobacter fetus, a common cause of ovine abortion, 30 was not a cause of abortions in these California goats. However, both C. fetus and C. jejuni are known to cause goat abortions. 2, 23 Arcanobacterium (Actinomyces) pyogenes was isolated from 2 of 211 submissions. One abortion each occurred in the second and third trimesters. A diagnosis of A. pyogenes was made by the identification of the organisms in lung and abomasal cultures. No gross or histologic lesions were identified in the affected fetuses. The placenta in both cases was not presented for examination. A bacteremia in the dam may have caused a placentitis, resulting in rapid fetal death with no inflammatory changes in fetal tissues. The literature contains similar findings of A. pyogenes infections in goats. 39 Arcanobacterium pyogenes is known to cause abortions primarily in cattle and sheep, usually due to systemic spread of the bacteria to the placenta with placental inflammation and resulting abortions. These abortions are considered a single event and not a herd problem. 28 Mycoplasma mycoides ssp. mycoides, large colony type, was identified in 2 of 211 cases. Both abortions occurred in the second trimester. Affected fetuses failed to develop gross or histologic lesions; however, the bacteria were isolated from the lung and abomasum of both animals. In each accession, placenta was not submitted for an evaluation. Mycoplasma mycoides ssp. mycoides and M. capricolum ssp. capricolum are known to cause systemic infection (mastitis, agalactia, polyarthritis, conjunctivitis, and septicemia) in the doe, leading to abortions. 12, 23, 41 However, the histories on these abortions failed to identify systemic disease in the affected does.
Listeria infections were observed in 2 of 211 submissions. Listeria monocytogenes and L. ivanovii were isolated from 1 fetus each. The L. monocytogenes-infected fetus was aborted in the second trimester. This fetus developed a severe necrotizing hepatitis. No placental tissue was submitted with this fetus. The age of the fetus infected with L. ivanovii was not identified in the pathology report. The placenta in this animal had a necrotizing and suppurative placentitis with a necrotizing vasculitis. Numerous bacteria were present in the trophoblastic epithelium of the chorionic villi and among the debris. A mild neutrophilic bronchopneumonia was also present in the fetus. However, a necrotizing hepatitis was not noted in this animal. Listeria monocytogenes has been identified as a cause of goat abortions, 23 but L. ivanovii has not been reported in the goat, although it has been reported as a cause of abortions in other species. 1 A diagnosis of leptospirosis was identified in 1 secondtrimester fetus. The fetus was autolysed and presented with no gross or histologic lesions. Fluorescent antibody evaluation of impression smears of the kidney revealed a few Leptospira-like organisms. The dam had an elevated titer (1: 3,200) for Leptospira pomona. Few researchers have discussed abortions in goats caused by leptospirosis. In 1 report from Spain, 2.6% of the goat abortions were due to L. pomona. 31 Leptospira grippotyphosa has also been incriminated in goat abortions in Israel, Guyana, and India. 24 An Aeromonas species and a Fusobacterium species were isolated from 1 third-trimester abortion each. In the Fusobacterium abortion, long slender gram-negative rods consistent with Fusobacterium were identified in the fibrinopurulent placentitis and suppurative bronchopneumonia. Cultures failed to isolate the bacteria. Fusobacterium are very sensitive to oxygen, suggesting that the organism may have been killed prior to anaerobic culture. In the Aeromonas abortion, the organisms was isolated from the placenta and fetus. No lesions were identified in the fetus; however, the placenta had an intense neutrophilic placentitis involving the cotyledonary villi. Both of these infections were most likely caused by colonization of the placenta with the organism from either a bacteremia or a retrograde infection from an open cervix.
Caprine herpesvirus was the only viral agent identified as a cause of abortion in goats from California. Only 4 of the 211 submissions (2%) were due to this herpesvirus. All abortions occurred during the third trimester or in near-term fetuses. All fetuses had undergone severe autolysis. Lesions consistent with a disseminated herpesvirus infection were noted in the animals. Lesions most commonly noted were a necrotizing pneumonia, necrotizing hepatitis, and necrotizing adrenalitis. In the areas of hepatic and adrenal necrosis, there were numerous eosinophilic intranuclear inclusion bodies. A multifocal necrotizing encephalitis was noted in 2 of the 4 animals. A mild neutrophilic placentitis was also present in 1 animal; however, the placenta in this animal was also positive for Chlamydia on fluorescent antibody testing. The fetal findings observed in these abortions are consistent with abortions in goats with caprine herpesvirus. Infected pregnant goats rarely develop clinical disease while aborting a fetus with disseminated herpesvirus infection. 9, 48 Protozoal infections were involved in 9 of 211 goat abortions (4%). These abortions were caused by Toxoplasma gondii (7 of 9 abortions) and Neospora caninum (2 of 9 abortions). The T. gondii infections were identified in the third trimester (4 animals) and the second trimester (2 animals). One fetus had no reported age. The most consistent lesions noted in the infected fetuses were multifocal random necrotizing encephalitis, with occasional zoites observed in the neuropil. A necrotizing placentitis with zoites was noted in cases where the placenta was also submitted for examination. Hepatic mineralization was found in 1 fetus. No lesions were identified in other organ systems. The lesions noted in the brain and placenta are consistent with the lesions reported in the literature. 10, 11, 14, 15, 18, 19, 21, 22, 36 As in these fetuses, disseminated lesions involving organs (lung, liver, adrenal gland, and heart) other than the brain and placenta are rarely observed. Diagnosis was confirmed by finding zoites present in affected tissues by immunohistochemical procedures and/or by finding elevated antibodies to T. gondii by latex agglutination.
Abortions caused by N. caninum were identified in 2 of 211 cases. These abortions occurred in the second trimester. Lesions consisted of a necrotizing encephalitis, lymphocytic interstitial myocarditis, myositis, interstitial pneumonia, and interstitial nephritis. A lymphocytic placentitis was noted in the placenta of 1 fetus. Neospora cysts and tachyzoites were identified in the brain and kidney using immunohistochemical procedures. These lesions are consistent with those previously reported. 3, 7, 10, 20, 32 Only 1 of 211 cases involved a fungal infection. Candida albicans was isolated from the lungs and placenta of 1 thirdtrimester fetus. A mycotic bronchopneumonia with fungal hyphae was identified in the lung. All other organs were normal. The placenta had an intercotyledonary placentitis that caused thickening and roughening of placental tissues. Fungal pseudohyphae consistent with Candida were identified in the placenta. Candida albicans was isolated from the placenta and lungs of the fetus. Mycotic abortions are most likely due to an embolic shower to the uterus, possibly during a bout of rumenal acidosis. 28 Selenium deficiencies were identified as a probable cause of abortion in 6 of 211 submissions (3%). All abortions occurred in the last trimester of gestation. Histologic lesions were observed in only 1 animal, which developed myocardial degeneration and necrosis. Myocardial and skeletal muscle lesions were not identified in the remaining 5 animals. All fetuses had low to very low liver selenium levels ranging from 0.019 to 0.187 ppm wet weight (normal: 0.25-1.5 ppm). Four of the 6 submissions had markedly low selenium levels ranging from 0.019 to 0.082 ppm. Copper levels were normal for all the affected fetuses. Selenium deficiencies can cause abortion and early neonatal death in goats. 23 Selenium deficiency in neonates results in necrosis of skeletal muscle and the myocardium (white muscle disease). In the fetuses submitted, muscle lesions were not observed in 5 of 6 animals.
Copper deficiency was identified in 2 of 211 submissions. No gross lesions were identified in either of the third-trimester fetuses; however, both had markedly low copper levels: 1.6 and 6.0 ppm wet weight (normal: 25-150 ppm). One fetus also had very low selenium levels (0.089 ppm), whereas the other fetus had a normal selenium level. Copper deficiency can cause enzootic ataxia in kids and lambs. This condition usually develops between birth and 3 months of age. 23 Demyelination of white matter in the brain and spinal cord are common features of the deficiency. In these 2 cases of copper deficiency, demyelination of white matter was observed histologically in the aborted fetuses.
Fetal anomalies were identified in several third-trimester fetuses. Scoliosis and arthrogryposis was identified in 1 fetus, cyclopia in another, and severe hydrocephalus in a third. These abortions occurred during the third trimester. The causes of these defects were not determined. No teratogen testing was performed on fetal tissues. The fetus with severe hydrocephalus was negative for bluetongue virus (BTV) by enzyme-linked immunosorbent assay, and a negative T. gondii titer was noted on dam sera.
Thyroid hyperplasia was identified in 3 of 211 accessions. Two of these third-trimester fetuses also had multifocal areas of myocardial necrosis. Thyroid hyperplasia is associated with iodine deficiency 23 ; however, iodine levels were not evaluated in these fetuses. Goiter has also been seen as a congenital abnormality in goats; it has an autosomal recessive mode of inheritance. 8 A condition involving necrosis of the white matter of the brain (leukoencephalomalacia) was identified in 6 of 211 accessions (3%). Animals affected were either term fetuses or fetuses in the third trimester of gestation. No abnormal gross findings were noted in the affected animals. Histologic examination of the brains revealed multifocal areas of necrosis and malacia involving the white matter, primarily in the cerebral and thalamic regions. Vacuolation of the affected neuropil with axonal swelling and occasional hemorrhage was also noted in some areas. Fluid from 5 of 6 fetuses was evaluated for BTV infection by agar gel immunodifusion (AGID) and were seronegative. Dam serum from the other affected fetus was seropositive by BTV AGID. This lesion is believed to be due to intrauterine hypoxia, leading to areas of necrosis of the brain. 13 Bacterial causes of abortion not identified in California but reported in the literature were brucellosis (Brucella melitensis and B. abortus), 5, 28, 34 Burkholderia (Pseudomonas) pseudomallei, 45 and Yersinia pseudotuberculosis. 49 Worldwide, B. melitensis is a major economic and public health problem in goats. 28 Burkholderia pseudomallei (melioidosis) is another organism of zoonotic concern, particularly in Australia and Southeast Asia 31 ; disseminated disease in animals can result in abortions. Abortions caused by Y. pseudotuberculosis are probably due to systemic spread of the organism to the placenta in susceptible animals. 24, 31 Viruses that are known to cause abortions in goats but were not observed in this study were pestivirus (border disease and bovine viral diarrhea) 33, 34, 38, 50 and BTV. 27 Although in 1 study 21% of the goats were seropositive positive for BTV in California, 43 no abortions due to this virus were observed in the animals submitted for the present study.
Abortions caused by Sarcocystis protozoa have also been observed. 16, 17 Experimental infections with Sarcocystis capracanis has caused abortions in goats. 17 The success rate for finding a potential cause for the abortion in a goat fetus is relatively high. In 47% of accessions, a cause was identified. The most common infectious agents identified in goat fetuses were Chlamydia psittaci and Cox-iella burnetii, accounting for ϳ23% of all the abortions. Protozoal infections, particularly with T. gondii, were also relatively common. 
Hepatic hyaline globules in an Eclectus parrot (Eclectus roratus)
Kelli L. Boyd, Kenneth S. Latimer* Abstract. Hepatic hyaline globules, similar to those reported in some human livers, were observed in liver tissue from an Eclectus parrot (Eclectus roratus). The cytoplasmic inclusions were periodic acid-Schiff positive and diastase resistant and failed to stain by acid-fast or Congo red techniques. Ultrastructurally, the hepatic globules were composed of granular amorphous material with small peripheral striations that extended into the cytoplasm.
Cytoplasmic inclusions of noninfectious origin within hepatocytes of mammals most commonly include lipid, bile pigment, or hemosiderin. 5 Less frequently, copper-rich granules may be observed. In humans, hyaline intracytoplasmic globules are associated with alpha 1 -antitrypsin deficiency, hepatic congestion, cyanamide therapy, alcoholism, and unknown etiology. 2, 4, 6, 7, 9 Lafora body-like inclusions also have been reported in human hepatocytes. 8 In birds, eosinophilic to basophilic inclusions may be observed in Kupffer cells following erythrophagocytosis. In addition, protoporphyrin accumulation has been observed within hepatocytes of a 6week-old chicken. 3, 10 Unique cytoplasmic inclusions observed in the liver of a psittaciform bird with chronic liver disease are described here.
A male Eclectus parrot (Eclectus roratus) was euthanized after prolonged treatment for liver disease. Antemortem aspartate aminotransferase (AST) and creatine kinase (CK) activities were 1,132 U/liter and 3,157 U/liter, respectively (reference intervals: AST ϭ 150-400 U/liter; CK ϭ 100-500 U/liter). A complete blood count and all other serum chemistry values were within reference intervals. Necropsy was performed by the referring veterinarian. Samples of liver, heart, lung, kidney, intestine, and spleen were collected and preserved in 10% neutral buffered formalin and mailed to the University of Georgia College of Veterinary Medicine for histopathologic examination. These specimens were processed routinely, sectioned at 3 m, stained with hematoxylin and eosin (HE), and examined by light microscopy.
Major histologic lesions were confined to the liver. Hepatic cords were atrophied and disorganized. Binucleate he- patocytes and megalocytes were common. Birefringent, round, 10-25-m-diameter, amphophilic structures were present within hepatocyte cytoplasm, sinusoids, and multinucleated giant cells (Figs. 1, 2) . Scattered multinucleated giant cells were observed within sinusoids. There were no specific changes in the heart suggestive of myocardial disease, and remaining tissues were devoid of microscopic lesions except for occasional mild organ congestion. Special stains were used to further characterize the birefringent inclusions. The inclusions stained strongly positive with the periodic acid-Schiff (PAS) technique. Digestion with diastase was performed, but the inclusions retained strong staining by the PAS method. The inclusions did not stain when acid-fast or modified acid-fast stains were applied to replicate sections of formalin-fixed liver. In addition, the inclusions failed to stain with Congo red dye.
Additional portions of the liver were cut into 1-mm cubes, postfixed in osmium tetroxide, dehydrated in graded alcohols, and embedded in Spurr resin. Ultrathin tissue sections were placed on high-transmission nickel grids, stained with lead citrate and uranyl acetate, and examined by transmission electron microscopy. The inclusions were observed usually within hepatocyte cytoplasm, consisted of granular amorphous material, and lacked internal structure (Fig. 3) . The inclusions were not bordered by a limiting membrane but had small radial projections into the cytoplasm (Fig. 4) .
Inclusions of this nature have not been described previously in the liver of psittaciform birds but have been documented as intracytoplasmic inclusions of undetermined significance in the liver of a turkey with spontaneous cardiomyopathy (cardiohepatic syndrome, turkey round heart disease). 10 The inclusions described in the Eclectus parrot are very similar to hyaline globules that have been reported in the livers of laboratory animals and humans. 1, 11, 12 These vacuoles are commonly observed in humans with congestive
